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TRANSPORTATION OF CITRUS FRUIT FROM PORTO RICO 
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INTRODUCTION 


The. transportation of citrus fruit overland has received consider- 
able attention in the United States. The work of Powell,? Tenny,? 
Ramsey,* and their coworkers® has made possible the shipping of 
these fruits long distances, with reasonable assurance that if the 
proper conditions are furnished they will be attractive and desirable 
for food upon arrival at the market. One of the important points 
brought out by these investigations was that the fruit during cer- 
tain seasons could be shipped best to distant markets under re- 
frigeration. Fruit carelessly handled or affected by disease was 
found to be less likely to decay before reaching the market if shipped 
under refrigeration. The lower temperatures furnished in iced cars 
also delayed the natural breaking down of the fruit. The work has 
been of great value to the citrus growers of this country by estab- 
lishing the use of refrigeration for the transportation of citrus fruits. 

The shipping of citrus fruit by water has not received the attention 
given to the land transportation of these fruits, doubtless owing to 
the fact that only a small part of this crop of the continental United 


1The writers. wish to acknowledge indebtedness to their associate, W. S. Graham, for 
yaluable assistance rendered on the trips described herein. 

> Powell, G. Harold, and others. The decay of oranges while in transit from Cali- 
fornia. U.S. Dept. Agr., Bur. Plant Indus. Bul. 123, 79 p., 26 fig., 9 pl. 1908. 

’Tenny, L. S., Hosford, G. W.,and White, H. M. The decay of Florida oranges while in 
pemsit and on the market. U. 8S. Dept. Agr., Bur. Plant Indus. Cire. 19, 8 p., 2 fig. 
1908. 

*Ramsey, H. J. Handling and shipping citrus fruits in the Gulf States. U. S. Dept. 
Agr., Farmers’ Bul. 696, 28 p., 10 fig. 1915. 

*Stubenrauck, A. YV., and others. Factors governing the successful shipment of 
oranges from Florida. U.S. Dept. Agr. Bul. 63, 50 p., 26 fig., 15 pl. 1914 
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States moves by water. This means of transportation for citrus 
fruit is becoming more important, however, not only from the outly- 
ing islands of the United States, but from California and Florida 
as a supplement to rail shipment. Until recently most of the citrus 
fruits shipped into or from this country by water were handled in 
ventilated holds or in regular cargo holds which were not refriger- 
ated. There has always been more or less loss with this method of 
shipment, depending upon the condition of the fruit when shipped, 
the season of the year, the temperature maintained in the holds, and 
the methods of handling. It would seem that low temperatures com- 
bined with proper methods of handling the fruit would be as valu- 
able in ocean as in land transportation. It was to determine the 
value of refrigeration on shipboard and to work out the best methods 
for loading and handling the fruit in refrigerated holds that the 
experiments described herein were undertaken. It was thought prob- 
able, also, that information gained as to the best methods for ship- 
ping citrus fruit would be applicable to the shipment of apples, 
pears, and other fruits both in intercoastal trade and for export. 


EQUIPMENT AND CONDITIONS OF THE EXPERIMENTS 


The investigations here described were conducted in cooperation 
with a steamship company operating between New York and Porto 
Rico, on a twin-screw steamer equipped for both freight and pas- 
senger service. The vessel makes the trip in approximately three 
and one-half days, completing a round trip to and from New York 
every three weeks. It arrives in San Juan on Wednesday forenoon 
and discharges its cargo, remaining there until Thursday night. It 
then proceeds around the island, calling at ports and discharging 
and receiving cargo, and returning to San Juan the following Tues- 
day or Wednesday morning, to finish loading. On Thursday if starts 
on the return trip to New_York, where it arrives early Monday 
morning, leaving again for Porto Rico the next Satur day. 

In this vessel five cargo-carrying compartments have been insu- 
lated and refrigerated for carrying fruit. The entire capacity of 
these holds was about 35,000 boxes of citrus fruit, using the standard 
Florida box as a unit of measurement. The insulation was heavy, 
consisting of 4 inches of cork, three layers of seven-eighths-inch 
matched lumber, and eight layers of paper, with a 3-inch air space be- 
tween the first outer layer of boards and the ship’s side. The hatches 
to these compartments were fitted with insulated covers, of construc- 
tion similar to that of refrigerator doors, built in sections and fitted 
with gaskets, which were supposed to make them air-tight when the 
covers were in place. 

The cooling system was a combination of brine and forced-air cir- 
culation, three ammonia compressors of 18 tons capacity furnishing 
the refrigeration. The insulated compartments were cooled by air 
forced over brine pipes, which were placed against and along the in- 
sulated sides of the compartments, extending the entire length and 
from floor to ceiling. A board partition, or apron, about 9 inches 
from the sides of the compartments formed a continuous duct 
through which air was circulated and in which the brine pipes were 
inclosed. This apron was pierced at regular intervals by a number 
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of small holes, to which were fitted sliding shutters which could be 
opened and closed at will to regulate the amount of air entering or 
leaving the compartments. The air was circulated over the brine 
pipes on either side and across the compartments athwartships by 
two large centrifugal fans connected in parallel, so that they might 
be used either together or separ Biel. A series of dampers in the air 
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Fie. 1.—Diagram showing the operation of the fans and the air-circulating system 
in the forward part of the ship 


- ducts permitted the reversing of the air circulation across the holds. 
In the forward part of the ship the ducts formed by the aprons and 
_ the sides of the compartments, or holds, are connected by suitable 
ducts which open into air chambers situated on the port and star- 
_ board sides at the after end of No. 2 between-decks ° (fig. 1). At the 
_ point of entrance into the air chambers these ducts are fitted with 


® Commonly called “ ’tween-decks,”’ 
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dampers and plugs, the manipulation of which controls the flow of 
air into the different holds. Two air passages extending athwart- 
ships connect the port and starboard air chambers. One of these 
serves as a common discharge chamber and the other as a common 
suction chamber for both fans, which are located in the suction 
chamber. 

On referring to Figure 1 the method of operation for securing the 
circulation of air is obvious. To cause the air to circulate across the 
hold from port to starboard, the dampers B in the suction chamber 
and C in the discharge chamber are closed, and dampers D in the 
suction chamber and A in the discharge chamber are opened. This 
arrangement allows the fans to draw the air through the dampers 
D from the port ducts, which empty into the port air chamber, and 
discharge it under pressure into the discharge chamber, thence 
through the damper A into the starboard air chamber and into the 
ducts leading into the holds. On reaching these ducts in the holds 
formed by the apron and the ship’s side the air is forced along the 
cold brine pipes and out into the hold through the small holes which | 
pierce the apron. It then circulates across the hold and is drawn © 
into the port-side ducts through the holes in the apron along the brine 
pipes into the port air chamber, thus completing the circuit. To re- 
verse the direction of the air movement through the hold it is only | 
necessary to regulate the appropriate dampers. As far as the writers © 
have been able to learn, this is the first time that this type of instal- | 
lation has been used in the American fruit trade. 

During the investigation, which continued from September to 
December, 1922, four consecutive test trips were made on this vessel, — 
the first leaving New York in the middle of September and returning 
October 2, this being the first voyage the vessel made after the in- 
stallation of its refrigerated fruit-carrying equipment. | 

As one purpose of this test was to determine the efficiency of this — 
type of refrigeration equipment in carrying fruit, it was necessary 
to measure the fruit temperatures in different parts of the load, to 
take air temperatures at various points where the air entered and © 
left the hold, and to determine the brine temperatures in the banks — 
of brine coils back of the aprons, over which the air circulated before 
and after leaving the hold containing the fruit. The brine tem- | 
peratures were taken in the usual way with mercurial thermometers 
placed in the incoming and outgoing brine pipes. The temperature 
of the air as it entered the fan chamber from the holds and as it 
went into the holds was taken with thermometers. The temperatures 
of both fruit and air within the holds were measured with electrical- _ 
resistance thermometers attached to cables, so arranged that readings 
of the temperature within the hold could be made without entering, 
it. With these resistance thermometers it was possible to get both 
air and fruit temperatures in various parts of the hold. 


CITRUS-FRUIT GROWING IN PORTO RICO 


Citrus fruit in Porto Rico is grown on both sides of the island, 
and in some cases well into the interior. Around San Juan there are 
many orange and grapefruit groves which are well cultivated and 
cared for and have the advantage of modern packing-house facili- 
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ties. In some other parts of the island much of the fruit is not 
cultivated, but is grown as shade or windbreaks in connection with 
other crops. This fruit is usually not handled so carefully or packed 
so well as the cultivated fruit. The experimental work recorded here 
was confined largely to cultivated fruit. 

Citrus fruit from all localities in Porto Rico is more or less af- 
fected with stem-end rot caused by Diplodia natalensis, according 
to determinations made by the Office of Fruit-Disease Investigations. 
Mann‘ has shown that the fruit does not carry well under ventila- 
tion. As the disease men- 
tioned can be controlled to 
a considerable extent by 
keeping the fruit at low tem- 
peratures, it would seem to 
make refrigeration almost 
an essential in the trans- 
portation of citrus fruit 
from Porto Rico. 


TAKING THE FRUIT ON 
THE SHIP 


In these experiments the 
fruit was in some cases 
loaded directly from piers 
into the ship; in others, it 
was necessary to hghter it to 
the ship’s side; then to lower 
it into the hold through the 
hatches or pass it in through 
ports in the ship’s side. 
When loading directly from 
the pier through the side 
ports the fruit was either 
trucked or carried into the 
hold; in loading through the 
hatches the ship’s tackle and 
slings were used. The par- 
ticular sling employed in 
this work is known as the FG. 2.—Sling used in loading citrus fruit and 
‘ 33 . : pineapples in Porto Rico 

aeroplane” sling (fig. 2). 

It consists of a rectangular platform fitted with ropes, which pass 
through each corner and through rings in the ends of the spreaders 
to the hook on the block of the up-and-down fall. The spreaders are 
pieces of 6-inch angle iron the length of a box of fruit, placed over 
the corners of the top box to take the lateral strain of the ropes, thus 
preventing them from cutting into the boxes when the sling is lifted 
into the air. The sling is also equipped with a net, extending from 
the spreaders to the floor of the platform. The aeroplane sling isa very 
good type for citrus fruit, as there is little danger of chafing or 


*Mann, C. W. The handling of Porto Rican oranges, grapefruit, and pineapples. 
Porto Rico Insular Exp. Sta. Bul. 7, 59 p., 24 fig. 1914. 
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breaking the boxes and injuring the fruit with the ropes. The 
boxes are held securely, so that there is no danger of falling out 
unless the sling is inverted. 


STOWING THE FRUIT 


Unlike transportation by rail, little or no experimental work had 
been undertaken to determine the best methods of loading for ocean 
movement. The problem is more like stacking fruit in a precooling 
room or storage plant than loading in refrigerator cars. The results 
desired are practically the same as those sought in precooling rooms 
or refrigerator cars—to load as much fruit as possible in a given 
space and so arrange it that it can be cooled down quickly to a good 
refrigerating temperature. This, of course, means that it must be 
stowed so that air can circulate through the fruit to cool it. It is 
unportant, also, that the boxes of fruit be placed in the hold in 
such a way that they will not be thrown about by the motion of the 
ship and yet so that they can be readily unloaded at destination. 
In the experiments under consideration several methods of stowing 
were tested in an endeavor to find those best suited to the type of 
refrigeration employed on this ship. 

Dunnage was used in order to secure air circulation and to test its 
value in bringing about better refrigeration and a quicker cooling of 
the fruit. The term “dunnage” is applied here to strips of board 
about 1 inch thick placed on the boxes as they are stacked in the 
hold, much as the stripping is placed on boxes in refrigerator cars. 

Three different methods of placing dunnage were tried in the 
earlier experiments, two of which were abandoned. In the first 
method the dunnage was placed fore and aft, the fruit boxes being 
placed with their longitudinal axes athwartships. For rapid loading 
this necessitated very short pieces of dunnage, causing considerable 
loss of time. The next method was the use of long, broad strips of 
dunnage, the boxes being loaded with their longitudinal axes fore 
and aft, half the width of the dunnage overlapping the ends of the 
boxes. The stack, or height, was completed and the next stack placed 
in the same manner except that one end was forced under the over- 
lapping dunnage in the preceding tier. It was thought that this 
method would conserve dunnage and give satisfactory results, but 
owing to the uneven stowage caused by the irregularities in the pack- 
ages great difficulties were encountered in securing a uniform stack, 
and considerable space was lost. The second method was attempted 
primarily to save dunnage, but it was found that it was not econom- 
ical because of the time consumed in stowing the fruit. 

The third method and the one adopted for general use was that in 
which two pieces of dunnage were used across the ends of the boxes 
in each layer, the boxes being stowed with their longitudinal axes 
fore and aft and the dunnage athwartships. Although this increased 
the quantity of dunnage used, it reduced the labor and facilitated the 
speed and ease with which the fruit was stowed. It also made pos- 
sible the use of narrower strips of dunnage. 

To determine the practical advantage to be secured from the 
judicious use of dunnage so far as obtaining better refrigeration 1s 
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concerned, tests were made of three different methods: (1) Stacking 
the fruit with dunnage in every layer, (2) stacking with dunnage in 
every other layer, and (3) without dunnage. 


THE FIRST TRIP 


. On the first trip from Porto Rico to New York with citrus fruit 
the loading began at Ponce on September 23. The day before the 
fruit was taken aboard the refrigeration machinery was started and 
the holds cooled down. Prior to this the air temperatures in the hold 
were 70° F. at the bottom and 78° at the top. The temperature of 
the fruit received at this point averaged 80.7°, and the average 
temperature of the fruit loaded from all five ports—Mayaguez, 
Aguadilla, Ponce, Arecibo, and San Juan—was 80.4° F. The fruit 
was loaded six layers high on this first trip. 

Two holds were loaded, No. 2 between-decks and No. 1 between- 
decks. The arrangement of resistance thermometers for these two 
holds is shown in Figures 3 and 4. These illustrations show the loca- 
tions at which air and fruit temperatures were taken in the hold. 
An attempt was made in installing these temperature-measuring 
instruments to get temperatures representing the extreme conditions 
in the hold and also to obtain as nearly as possible a complete story 
of the temperature changes in the various sections of the hold. 

In cooling down the fruit it is necessary not only to take out the 
initial heat but to take care of any heat that may enter the hold 
through the insulation or through any openings. It is seldom pos- 
sible to fill a hold completely at one port; therefore it is frequently 
necessary to open the hatches or the side ports after some fruit has 
been placed in the hold and is partially cooled down. Some data 
were obtained in these experiments on the effect of this opening of 
the hold so that warm air could enter after the hold had been refrig- 
erated for some time. As shown in Figures 5 to 7, which give the 
average air, fruit, water, and brine temperatures on the trip, the 
fruit temperatures were slowly reduced. On the first reading 
(fig. 6), which took place 12 hours after loading was begun, the fruit 
showed an average temperature of approximately 74° F. At the end 
of the trip the average fruit temperature was 54°, a reduction of 20 
degrees in a period of eight and one-half days, or about 2.35 degrees 
F. per day. 

In Figure 7, which gives data on fruit loaded at San Juan only, 
the second reading showed a temperature of 82° F.; and in four days, 
the time from the first to the last reading, the temperature was re- 
duced to 57°, a total of 25 degrees of heat removed from the fruit, or 
6.25 degrees F. per day. 

There is a difference of about 5 degrees in favor of the fruit in 
No. 1 between-decks, Figure 7, and No. 2 between-decks, Figure 6. 
Although the fruit in No. 2 between-decks was under refrigeration 
for a much longer period, the fruit in No. 1 between-decks shows a 
more rapid cooling, owing to the operation of the equipment. 

Referring to Figures 5 and 6, it will be noted that the brine tem- 
peratures show considerable fluctuation, which affects the temper- 
ature of the air in the suction or mixing chamber and in turn the air 
entering the hold. It is noticeable that on the third day after load- 
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ing was begun the temperatures of the brine, air, and fruit rose 
markedly. This was caused by stopping the refrigerating machinery 
to defrost the coils and opening the holds at San Juan to load more 
warm fruit. The average temperatures of all the fruit rose to about 
78°.F., or only 2 degrees lower than the temperature of the fruit on 
the deck. This rise was due in part to placing resistance thermom- 
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Fie. 38.—Diagram, of No. 2 between-decks, showing locations at which temperatures 
were taken 


eters in warm fruit and using the temperatures thus obtained in the 
averages. Not until the morning of the fourth day, as shown on the 
chart, was there any appreciable reduction in the temperature of the 
fruit. The gradual fall in temperature continued until the end of the 
trip, and on arrival the fruit registered 53° F. The lowest temper- 
ature on the third day, as shown on the chart, was 55° F., and not 
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until five days later, the ninth day, was the average of all the fruit 

temperatures taken in this hold down to this temperature again. 
Referring to Figure 7, it is evident that where there was no inter- 

ruption to the refrigeration and the hatches were not opened after 
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Fie. 4.—Diagram of No. 1 between-decks, showing locations at which temperatures 
; were taken 


the fruit was loaded, there was a relatively gradual reduction in the 

temperature of the fruit. This indicates that careful operation of the 

equipment is desirable in order to prevent the frosting of the brine 

~ coils, which necessitates the stopping of the machinery to warm them 
up and defrost them. 
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In Figure 6 the average ingoing and outgoing air temperatures in 
No. 2 between-decks are shown. Figure 3 indicates the positions at 
which these temperatures were taken. In Figure 5 the air in the 
mixing or suction chamber and the return air from No. 2 between- 
decks is given. The air from the mixing chamber is carried over the 


ye 


2° 7i-Os 


vy Ne 


AM. PM. |AM.'PM.|AM. P.M AM. PM) AM PM.|AM.P MAM, RM AM. PM, 


Ist DAY |22 DAY lO*HDAY 


Fic. 5.—Air, sea-water, and brine temperatures on the first trip 


brine pipes (see fig. 1) out into the hold. The air in this chamber, 
as shown in Figure 5, corresponds to the ingoing air in Figure 6 
after it has passed over the brine pipes and just as it passes through 
the openings in the apron. The outgoing air, as shown in Figure 5, 
is the air after it has passed through, over, or under the load and is 
entering the openings in the apron prior to passing over the brine 
pipes on its return to the mixing chamber, where it is shown as “Ain 
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return No. 2 *tween-decks.” In Figure 6 an average difference 
throughout the trip of about 12 degrees between the temperature of 
the ingoing and outgoing air will be noted. In other words, the 
cold air was heated up 12 degrees by the fruit in the hold. The 
fruit lost. this heat and was therefore cooled down, as is shown in 
the curve of average fruit temperatures (fig. 6). The temperature of 
the air was reduced and much of the heat. removed as it passed over 
the brine pipes on its return to the mixing chamber. In this way 
an average of about 5 degrees of heat was absorbed from the air 
by the brine before it got back to the mixing chamber. ‘There 
was an increase of from 5 to 7 degrees in the temperature of the 
air as it passed through the mixing chamber, as shown by a com- 
parison of the air temperatures of the intakes and outlets. This in- 
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Wie. 6.—Average ingoing and outgoing air, average fruit temperatures in No. 2 
between- decks, and outside air and sea-water temperatures on the first trip 


crease was brought about through the friction of the fans and by 
heat which came through the bulkhead forming the outside wall of 
the mixing chamber. "The air temperature was reduced 12 to 15 
degrees after leaving the mixing chamber and passing over the brine 
pipes before it entered the hold. 

The effect on the fruit of the temperature conditions obtaining 
in these two refrigerator holds was shown on the inspection of the 
cargo made on arrival at New York. The average percentage of 
rot in the oranges shipped under refrigeration, including unculti- 
vated oranges, was 1.7 per cent, and with grapefruit it was con- 
siderably less, being below 1 per ‘cent for the boxes inspected. 

To obtain data on the value of refrigeration in the carrying of 
good fruit, eight boxes of oranges from a well-cultivated grove were 
shipped from San Juan to New York, four boxes being under re- 
frigeration and four under ventilation. The results of this experl- 
ment show that the percentage of rot in the fruit under ventilation 
was 3.7, whereas with that under refrigeration 1t was 1 per cent. 
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From the above it is evident that there was more rot in the oranges 
shipped under ventilation than in those under refrigeration. There 
was, however, no large amount of rot in the fruit shipped under ven- - 
tilation on this trip. | 

Further data as to the value of refrigeration in preventing rot in 
oranges transported from San Juan to New York were obtained by 
comparing the extent of the rot in a certain lot of fruit shipped 
under refrigeration on this steamer with an exactly comparable lot: 


° 
! 


AM em. | AM.’ PM.|1 AM. PM. 1AM. BM. | AM. AM. 
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Fig. 7.—Average fruit temperature of fruit loaded at San Juan only and air 


temperature on No. 1 between-decks and the outside air and sea-water tem- 
peratures on the first trip 


shipped under ventilation on another ship. The fruit under re- 
frigeration arrived in New York with no appreciable rot, while that 
shipped without refrigeration showed 22 per cent of decay on ar- 
rival. These two lots consisted of 1,000 boxes or more, and the usual 
market inspections of both indicate a very appreciable benefit to 
the fruit from refrigeration. 

The dunnage test and refrigeration of the compartments will be 
considered later. 


THE SECOND TRIP 


On the second trip the temperature-measuring instruments were 
again placed in Nos. 1 and 2 between-decks. There was, in addition 
to the fruit in the refrigerated compartment, a considerable quantity 
on deck and under ventilation in the holds, making possible further 
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comparison of the relative value of refrigerated and ventilated holds 
in carrying fruit from Porto Rico. Cold air was circulated over the 
fruit while loading at the different points around the island, which 
tended to prevent the fruit from rising in temperature after it was 
loaded. After the cargo was loaded and the hatches closed, the fruit 
was cooled down as rapidly as possible. 

The average temperature of the fruit on the docks before loading 
was 80° F. The loaded fruit cooled down somewhat before the entire 
cargo was aboard, so that the fruit temperatures when first recorded 
are somewhat lower than the temperatures of the fruit on the docks. 
The average fruit temperature after the fruit was loaded was 73° F 
and the final reading 54°, a difference of 19 degrees in five days, or an 
average lowering in temperature of 3.8 degrees per day. In the 
average air temperature there was a lowering of 26 degrees, from 
68° to 42° F., in the same time, or 5.2 degrees. per day. If the tem- 
perature of the fruit as it came on the ship is taken into considera- 
tion, there is of course more of a lowering in the temperature than 
noted above. 

The extent of rot as determined by an inspection of the fruit car- 
ried under refrigeration and under ventilation is shown in Table 1. 


TABLE 1.—Decay in oranges and grapefruit under refrigeration, under ventila- 
tion, and on deck on the second trip from Porto Rico to New York 


[The inspection was made on the pier on arrival in New York] 


Number of— Decay (per cent) 
Lot No. 
Boxes | Fruits Decayed Actual | Average 
Oranges under refrigeration: 
AUCULGIV ALC Ceres te ee ene ke bee Re was S 4 602 7 OL | eee ieee 
APSO WEC(G Kee Soe ee eR em Aer Soe ee ees 7 860 Gales AY feller aa) Sea 
SHICHIIE UV UC Oe ee oe eee ee ks es ape el ee ee 3 644 4 Oe |e ee 
NYG EEN ee IN Er a BP Oe 14 2, 106 17 |.--------- 0.8 
deaincnliivated tee eee ne gS ee 2 416 5 | ie eee eae 
Het CULE uate Cape ee Ree ee ge ee OEE 1 200 4 Dei |Past ee Soe 
Gun Cul tivehed eee ee ee es eee eee eh ee 3 526 38 1S Fal ee ee 
NQUaIERSS eae ad cb eer eae LE A beg. ti STR 6 1, 142 ALS = SR 4.1 
Oranges on deck: 
Ppa CULLD IV AUG Cees ae ere = pe) ns wie. Sa 2 238 12 5.0 5.0 
Sane MI Viale Gee ee ee a eee 8 1, 441 146 10. 1 10. 1 
| 
Oranges under ventilation: 
OP CULE TUG Cea ie ee ee ee ee eee 3 502 137 27.2 27.2 
Grapefruit under refrigeration: 
HOMCUITIV ATC Ean ee ee ee ee A 4 294 1 LS yee Bera iad 
TUES ACRE UN Oe 5 SC Lg Sa es De i ea pene 3 240 0 Ocal ieariacer tS Fatie 
TOM Gltivated see ae see Oe Sv ae Dee ht 3 164 0 (eh) enone 5 
IS CULE Vat CO eet ten ee eet ee a 6 370 0 Owe je eee 
STR) tre ees eer eee oat ee eB 16 1, 068 mE) (pees ee eee 09 
(a tanculti vated: eae uk s Fe eee Puce Fy 2 150 2 | 1.3 1.3 
Grapefruit under ventilation: 
TSS GCURDN TNs Lema See he Be A a ee ae 4 288 il 2 ies ee 
AGE CuliIVatedaee et eee IRE Ee eae ea 8 4 270 2 BC ie | epee ep 
NYO IS USS, te and el ad pele Ne ce Meee foe: noha 8 558 Yat (ese Na 5 


_It is evident from Table 1 that fruit carries well under refrigera- 
tion. In only one lot of oranges was there more than 2 per cent of 
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rot, and this was uncultivated fruit. The average percentage of rot 
in the refrigerated oranges was 1.9 per cent, while in the oranges 
on deck there was 5 per cent of rot in the cultivated fruit and 10.1 
per cent in the uncultivated. In one lot of uncultivated fruit shipped 
under ventilation there was 27.2 per cent of decay. The grapefruit 
carried well under refrigeration and under ventilation, there being 
less than 1 per cent of rot except in one lot of uncultivated fruit. 

To determine the effect of a longer time in transit than that now 
prevailing on the condition of the fruit on arrival at New York, a 
few boxes of fruit were loaded on the vessel on arrival in San Juan 
from New York. This fruit was carried around the island, back to 
San Juan, and thence to New York; in all it was 16 days under re- 
frigeration. The results of this inspection are shown in Table 2 


TABLE 2.—Decay in grapefruit and oranges shipped from San Juan, P. R., 
around the island, back to San Juan, and thence to New York 


[En route 16 days; inspection was made on the pier on arrival in New York] 


Number of— 
: Decay 
Lot No. (per 
Boxes | Fruits Pewee cent) 
oe 3 198 0 0 
| [Np RMA ROE tet Re LVS Wey EReekee ek 2 Litre N Si epee one Sea og I ae In 
ING Ie chat ete Sur SE RD ae hn 2 SEN ie Sees In. de ip) Be ios aaa ae 2 150 3 2.0 
O(a ees sig ge eea Yo Re ES ees ee Me 8 ee at 3 240 i 2.9 
TN Cys: re ace eh ee kere MMC Gi yl bg Lg Aer mpm ee Fe 3 240 3 3 
MOC a ose ett wr be pore alk Brey Nid elect De eat a et a ll 828 LS jp pea 
SA VITAE C i a eee SI ik SUIS BEER Te Fe Det edie FF gS siya es | anlar ae os EE View eae eA | 12 
Oranges: 
IN ped sh el comet eri ret ose a ee aE ys a ee Ae 3 611 12 12S 


From the results given in Table 2 it is apparent that there was 
little decay in either’ grapefruit or oranges during the 16 days they 
were on the ship. In one lot of oranges s three boxes showed 1.9 per 
cent of decay, while that in the grapefruit ranged from nothing in 
lot 1 to 2.9 per cent in lot 3, with an average of 1.5 5 per cent. This 
experiment indicates that cultivated Porto Rican grapefruit could 
be shipped considerably farther than from San Juan to New York 
without undue deterioration. 


THE THIRD TRIP 


On the third trip temperatures of fruit were taken in No. 3 
between-decks and No. 2 hold, two holds of very dissimilar shape. 
No. 3 between-decks was about 100 feet long from bulkhead to bulk- 
head in its greatest length, about 8 feet in depth, and about 52 feet 
at its greatest width. No. 2 hold was more nearly square in cross 
section, being approximately 50 feet at its greatest width and about 
22 feet deep. The average temperature of the fruit on the decks 
was 80.3° F. at the time the first readings were made. 

In No. 3 between-decks the average fruit temperature after the 
hatches were closed was 68° F., while the average from the last read- 
ing was 55°, a reduction of ike degrees in six day s, or a little over 2 
degrees per day. In the No. 2 hold the fruit was loaded 15 layers 
high, which was more than twice the height in the other holds. It 
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was practically impossible with the equipment at hand to obtain 
fruit temperatures in all parts of the hold, but they were taken in 
all the layers. These measurements show that the fruit in the 
bottom layer was reduced to 45° F., a much lower temperature than 
in any of the other loads. The middle and top layers were reduced 
to 58° F. The average obtained for all the fruit temperatures at 
the end of the trip was 54° F. Inspection of the fruit on the pier 
at New York was made as usual. The results are shown in Table 3. 


TABLE 3.—Decay in oranges and grapefruit shipped under refrigeration on the 
third trip from Porto Rico to New York 


] 


Number of— Decay (per cent) 
Lot D : 
: ecaye 
Boxes Fruits faite Actual | Average 
Cultivated oranges: 
TING pple rete a ante ee ee eh 7 1, 328 0 ek [eve sin oP 
INT) i reer at pc et eS see ec 2 350 3 Shiistae as 
FINO ee eae eS cere Sp ee yn en peer ne as + 742 16 Ds 2 |e eee 
IN Ogee a ee pe a a as 676 5 (Gal eee Sikes 
A DY OY EN (cE eee el ee ee pe ea eee ee eee eer 17 3, 096 7): Sh eee 0.7 
Uncultivated oranges: 
ING at ee eres ee ey ae eye ee 24 4, 338 36 .8 .8 
Cultivated grapefruit 
INO = Cia it wee Oe ee a= CART. BS ae od Le Pere 11 760 2 By yal See ee ce 
IN OSE as 2 2 Bee PS Se ee ee ee ee 3 206 0 OXF) ee es 
TNO Se a ES a ee a en eT 3 224 0 OOF PaaS 
INOS Obes ae eee ee ER EE ae EEE ee eee 3 234 6 DANTE || phe amy = Teak 
HINO 1 a Se ee 4 254 2 SY is | as pak ce ma 
TRO Lal een ee es ey hae ae Be 8 24 1, 678 1} | aike Se Boas 5 


It is evident from Table 3 that the amount of decay in the fruit 
was no greater on this third trip than on the other two trips. In 
the cultivated oranges the rot ranged from none to 2.2 per cent. In 
the uncultivated oranges the decay was only 0.8 per cent of those 
inspected. The average percentage of decay was 0.7 in the cul- 
tivated oranges. In the grapefruit the decay ranged from none 
to 2.7 per cent and averaged 0.5 per cent. No inspections were 
made on fruit shipped under ventilation. 


THE FOURTH TRIP 


The fourth and last trip of this series was made in the latter part 
of November. On this trip oranges and grapefruit were loaded 
from various points on the island, and as the cargo of fruit was not 
heavy most of it was loaded in No. 2 between-decks and the orlop or 
No. 1 lower between-decks. Temperatures were taken only in the 
orlop deck, because a fairly complete study had been made of the 
behavior of No. 2 between-decks under refrigeration in the earlier 
trips. The average temperature of the fruit when it was taken on 
the ship was about 80° F-., practically the same as the average load- 
ing temperature of the fruit in the other three trips. In the orlop 
deck, owing to difficulty with the air-circulating system, the fruit 
cooled very slowly, and its average temperature was lowered from 
(6° F’. when the first reading was taken, or from 80° if the tempera- 
ture of the fruit at loading is taken into consideration, to 63° at the 
end of the voyage. For the time the temperatures were taken the 
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average cooling of the fruit was 13 degrees in six days, or 2.2 
degrees per day. This reduction in temperature was not so great 
as in the case of No. 2 between-decks on previous trips and was 
probably because the air ducts to the orlop deck were none too large 
and in some cases offered considerable resistance to the passage of 
the cold air. 

The fruit inspections on this trip showed slightly more decay 


in the oranges than was found in the inspections on the three earlier _ 


trips. The results of inspection are shown in Table 4. 


TABLE 4.—Percentage of decay in refrigerated fruit on the fourth trip on 
arrival in New York 


Fruits decayed 
Number | Number - 2 
Kind of fruit of of 
boxes fruits Number | Per cent 
Cultivatedwerapeiniitess 9 2 eee eee Se ee ee Ree 5 342 | 0 0 
GUTENV ACE GHOLATI RCS ee i aa a eos eg re 5 551 | 15 Dik 


In addition to the inspections made at the dock from the general 
cargo of fruit, four boxes of oranges from the same lot were brought 
to New York, two under refrigeration and two under ventilation, 
then expressed to Washington and held there at a temperature of 
about 65° F. for a week from the time the ship was unloaded in New 
York. This interval was to approximate the time the oranges might 
be held at market temperatures before they were consumed. The re- 
sults of this experiment are shown in Table 5. 


TABLE 5.—Comparison of percentage of decay in oranges of the same lot shipped 
partiy under refrigeration and partly under ventilation and held one week 
after unloading 


Fruit 
Niiher ruits decayed 


Shipped under— of 


fruits Number | Per cent 


EU OLET SON AGT OTN ss Ss Es ek Eye tage er ae eR ee 288 + 
Mentilation. <2: 222s se ee ee ee tee Saree ee ee see 294 24 


4 
bo 


From the data in Table 4 it is evident that there was a slightly 
higher percentage of decayed oranges in this shipment than on the 
other three trips. All the er apefruit was in good condition. Table 5 
indicates that this fruit shipped under refrigeration will remain in 
fairly good condition for a week after reaching New York. The 
difference in the amount of rot under refrigeration and ventilation 
is rather marked. This experiment alone is hardly sufficient evi- 
dence upon which to base definite conclusions, but taken in conjune- 
tion with other inspections made at the dock in New York it empha- 
sizes the value of refrigeration for this fruit. 


DUNNAGE TESTS 


In the cooling down of a cargo of fruit from about 80° F. to a 
good carrying tempel rature it is obvi ious that the temperature of the 
fruit must be considerably lowered. Heat always flows from a 
warmer to a cooler medium, and the greater the difference in tem- 


BERS e 


TRANSPORTATION OF CITRUS FRUIT FROM PORTO RICO 7 


perature, other things being equal, the more rapidly the heat is trans- 
ferred. It would seem, therefore, if the center of the car zo is to be 
cooled quickly provision must be made for the passage of the refrig- 
erant, cooled air, in and around the boxes. It would seem also that 
the more open the stowage, so as to allow access of the air to the 
loading, the more quickly the fruit will be cooled down. Evidence 
on this point was gained in the dunnage experiments already men- 
tioned, which were made on all four “trips. The results of these 
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Fic. 8.—Average temperatures for four trips of the top, bottom, and middle layers 
of fruit in’ the dunnage test. Two different methods of placing dunnage are com- 
pared with fruit stacked without dunnage 


experiments are shown in Figure 8, giving averages of all the tests. 
The fruit with which these experiments were made was loaded at 
several points on the island, the last point of loading being San Juan. 
For this reason the average fruit temperatures were calculated from 
readings made at the end of loading at this point. Had they been 
calculated from readings made at points of loading prior to this they 
would be misleading and not comparable, since readings made at an 
earlier date and under different conditions would have te be com- 
pared with readings made later on the trip. 
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The fruit temperatures in the top and bottom layers in the various 
stacks showed very shght differences (fig. 8), particularly in the 
loadings in which there was no dunnage and in which dunnage in 
every other layer was used. In both cases where dunnage was used 
in every layer, however, the temperature was lower than where either 
of the other methods of stacking was employed, though this differ- 
ence was very slight. It is to be “expected, particularly. with the type 
of installation on the ship, that the fruit in the top and bottom layers, 


even though different methods of stacking are used, will be but. 


slightly affected, owing to the fact that the racks with which the 
compartments are fitted allow a 4-inch air space between the deck and 
the bottom of the load. There is also considerable space between the 
top of the load and the deck above, which allows for adequate air 
circulation. The cold air as it issues from the sides of the hold 
readily passes over and under the load, coming in direct contact with 
the top and bottom layers; consequently, very ‘little difference in tem- 
perature due to the use ‘of dunnage can be expected at these points. 

The difficulty in cooling the middle of a load of fruit, even in 
relatively small bulk, has long been recognized. This difficulty is 
increased in the ship’s hold, where the bulk of the fruit confined in 
one space is large and in these experiments at a temperature of about 
80° F. when loaded. There is no clear passage for the air to travel 
through the load, as there is under the floor racks and over the load. 

It must be expected then that the fruit in the middle layer and in 
the center of the load will not be so easily refrigerated as that in 
the top and bottom layers, owing to the difficulty of securing ade- 
quate air circulation even when the air is forced through. Only by 
the use of dunnage can air channels be provided. Of course, methods 
of stacking could be worked out that would allow for air channels, 
but such methods would cause broken stowage and cut down the car- 
rying capacity of the vessel. 

The average temperature of the middle layers in which no dun- 
nage was used (fig. 8) was reduced from 74° F. at San Juan to 
64° at the end of the trip, a total average reduction of 10 degrees. 
Where dunnage was used in every other layer the reduction was 11 
degrees, and where it was used in every layer the average lowering 
of the temperature in the boxes of fruit in the interior of the stacks 
was 14 degrees. In other words, the heat removed from the fruit 
was 40 per cent more where dunnage was used for every layer than 
where no dunnage was used and 27 per cent more than where dun- 

nage was used in every other layer. This clearly shows the value 
of air space between the boxes, which can be provided by the judic- 
ious use of dunnage. There seems to be no question that the effi- 
ciency of the refrigerating equipment in cooling down fruit and 
holding it at the lower temperature is considerably increased by the 
use of dunnage for every layer. 

The cost of dunnage for this purpose is not high, as it may con- 
sist of rough lumber 1 by 2, 1 by 3, or 1 by 4 inches and only 2 lineal 
feet are needed per box of fruit above the first layer. The dunnage 
can be used over and over again. Short lengths are very useful, 
especially in filling out at the sides of the hold and under hatchways 
where the cargo is to be broken out. The use of plenty of dunnage 
was found to be an inexpensive way of increasing the efficiency of 
the ship as a fruit carrier, 
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The results of the experiments recorded in the foregoing pages 
show that with the type of refrigerating equipment described it is 
possible to cool down a cargo from 15 to 27 degrees by the time the 
fruit reaches New York. The fruit in some of the holds cooled down 
to a lower temperature than in others, probably because of the differ- 
ence in arrangement and construction of the ducts through which 
the air is carried from the fan chamber to the holds. This cooling 
of the fruit was accomplished while the outside air and water tem- 
perature was about 80° F. It is probable that by increasing the size 
of the air ducts and eliminating short bends more cold air could 
be forced through the-holds and the fruit cooled down more rapidly 
or to a lower temperature. There was, however, very little rot in 
the cultivated fruit carried from San Juan to New York under 
refrigeration when inspected on the pier at the end of the trip. 
The decay in practically all of the shipments inspected was less than 
3 per cent, which, although constituting appreciable injury, does 
not necessitate repacking. 

Some evidence was obtained in the experimental work on the effect 
of a longer carry than that from San Juan to New York. In one 
case grapefruit and oranges were carried under refrigeration around 
the island and then shipped to New York. In another, oranges 
were shipped to Washington after arrival in New York and then 
inspected a week later. Both shipments were in good condition. 
These are, of course, the results of only two experiments, but they 
indicate that some cultivated fruit at least might be forwarded from 
New York to other markets without entailing undue deterioration 
from decay. 

Probably the most important point brought out in the experimental 
work was the result of the dunnage tests, in which it was shown that 
. the interior of the load was cooled much more rapidly if it was stowed 
with dunnage so that the cold air could circulate on at least two sides 
of each box. In loading warm fruit in refrigerated ships where it is 
intended to cool it down, there is no question that methods should 
be followed similar to those which have been found to give the best 
results in cold-storage houses and precooling plants on land under 
similar conditions. Special attention must, of course, be given to 
certain features on ships, such as tying in the load so that it will not 
shift and economizing on space. It is possible that some other 
method of arranging ‘the refrigeration coils and air ducts may be 
more economical of space than that employed on this ship, and some 
evidence has been obtained on this point, but inasmuch as it has not 
been tested experimentally it will not be considered here. 

From the results of these four experimental trips there seems to be 
no question that good citrus fruit can be carried from San Juan 
to New York under the refrigerated conditions provided by this ship 
and be in good condition on arrival at New York; but, to accomplish 
this, the fruit should be handled carefully at the packing house, in 
loading and stowing on the ship, and should be placed under re- 
frigeration as soon as possible after it 1s packed. 


ORGANIZATION OF THE 
UNITED STATES DEPARTMENT OF AGRICULTURE 


.~ November 29, 1924 


fies 


Secretary of Arbre = Ss Bio Be = aD M. GORE. 


Assistant Secretory..." 6 i Peles 

Director of Scientific Work___2_2—____- BH oD BATE 

Director of kequiatory Wor = WALTER G. CAMPBELL. 

Director of Extension Work C. W. WARBURTON. 

SEC) ES aoe RS Be Sake eee ae A a Ee R. W. WILLIAMS. 

COLIC. BULLCO Us oe Nk eae ae Oe ee ee CHARLES F. Marvin, Chief. 
Bureau of Agricultural Economics____---_—~ Henry C. Taytor, Chief. 
Bureau of Animal Industry___—-_______--- JOHN R. Mouter, Chief. 
Bureau of Plant Industry_—__- Wii1iamM A. Taytor, Chief. 
IOECSE NCEDUCE semen: = a ke oe ee W. B. GREELEY, Chief. 

PREECE OPEC MERULSET en te = ee aA Be Pe C. A. Browne, Chief. 

ERM TOTS OLS ee en ee ee ee Mitton WHITNEY, Chief. 
BULCOU Of HNtOMOLOGY. = — == ee eae L. O. Howarp, Chief. 

Bureau of Biological Survey______-________. HK. W. NEtson, Chief. 

BUrei Of PuLvlic: ROCAS =... se eee THoMAS H. MacDonatp, Chief. 
Bureau of Home Economics__________-__~- LovuIsE STANLEY, Chief. 
BULCAULO, DAT YNG 2 eS ea C. W. Larson, Chief. 

Ofice of Hxperiment. Stations___________ — EH. W. ALLEN, Chief. 

Office of Cooperative Extension Work_____. C. B. Smiru, Chief. 

Fized Nitrogen Research Laboratory______- F. G. Corrretyi, Director. 
RICE OF FE UO LL COLIONS os aoe ek Se Sento . L. J. Haynes, Director. 

LESH OUTER eee tN SUB Becta Nt ot 5 CLARIBEL R. BARNETT, Librarian. 
Hederal Hortieuttural Board = =) 2S) C. L. Maruatr, Chairman. 
Insecticide and Fungicide Board_________~- J. K. HAywoop, Chairman. 
Packers and Stockyards Administration___)| CHESTER Morrint, Assistant to the 
Grain Futures Administration___-_-___--~- Secretary. 


This bulletin is a contribution from 


BUredi Of Planiielndusiry = ot ae Witi1Am A. Taytor, Chief. 
Office of Horticultural Investigations__ L. C. Corspetr, In Charge. 
20 


ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 
AT 


5 CENTS PER COPY 
V 


en | 


